Case RepoRt
During a study of the intact skeletons preserved in the osteology museum of the Department of Anatomy of North Bengal Medical College, West Bengal, an interesting observation was made in an intact skeleton. A careful assessment of the different bones of the said skeleton helped us to come to the conclusion that it possibly belonged to an adult male of apparent bone age of 60 yrs. The following unusual findings were noted:
atlas (C 1 VeRtebRa)
A mass resembling a detached odontoid process was found to be fused to the anterior arch of the atlas, occupying the position of the missing body of the vertebra [Table /Fig-1a] . The antero-posterior dimension of the anterior arch of the atlas was measured to be 13.6mm [ 
axis (C 2 VeRtebRa)
The odontoid process was absent. The surface of the superior aspect of the body of C2 was flattened, relatively smooth and resembled the bodies of other vertebrae. The surface of the inferior articular facet of the left side was rough, enlarged with ragged margins [Table/ Fig-2 ].
C3 to C7 VeRtebRae
The most distinctive feature was the complete fusion of the fifth and sixth cervical vertebrae. The bodies and zygapophyseal joints, with the exception of the laminae and the spine, were found to be fused, with features of degenerative changes [Table/ Fig-3 ].
The cervical vertebrae thus showed multiple variations from the normal [Table /Fig-4 ].
thoRaCiC and lumbaR VeRtebRae
Another valuable finding was the complete fusion of the bodies of 12th thoracic with the 1st lumbar vertebra. The zygapophyseal joints were found to be fused leaving the spine and laminae separate [Table/ Fig-5 ].
disCussion
The vertebral column develops from the para-axial mesoderm, which gets organized into block-like somites [1] . Each somite differentiates into a myotome, a dermatome , and a bone forming sclerotome that condenses around the neural tube [ During the third to eighth week of embryonic development, failure of normal segmentation of the cervical somites may result in fusion of the cervical vertebrae [3] .
Among the seven cervical vertebrae, the first one known as atlas, is identified by the absence of its body and looks like a ring of bone. The second one, known as axis (as it allows the rotation of the head along a vertical axis), is identified by the presence of an elongated process called the dens (odontoid process), at the upper surface of the body of the vertebra [4] . Os odontoideum is defined as an ossicle with smooth, circumferential cortical margin representing odontoid process but without any bony continuity with body of axis vertebrae [5] . During development of foetus, in the cranio-vertebral (occipito-cervical) region, the centra formed from the sclerotomes 5(X), 6(Y) and 7(Z) fuse together to form the odontoid process which fuses with upper surface of the body of axis [4] . Muller and O'Rahilly, classified the odontoid process on the basis of failure of fusion of XYZ components amongst themselves as :-1. Ossiculum terminale, where X fails to fuse with YZ complex.
2. Os odontoideum, where XY complex fails to fuse with Z. This may occur due to presence of transitory intervertebral disc or as a result of increased movements at the time of ossification of the dens [4] . Os odontoideum is of two types-orthotopic which is attached with anterior arch of atlas(as in our case thus mimicking body of atlas),and dystopic which are fused to basion [3] . This leads to either fusion of odontoid process to the anterior arch of atlas, resulting in an abnormal axis with missing dens or subluxation of os odontoideum anterior to the arch of atlas(C1) [6] .
Os odontoideum has a multifactorial aetiology-post-traumatic and congenital [7, 8] . Klippel-Feil syndrome, skeletal dysplasias, Morquio syndrome, Downs syndrome etc are amongst the congenital causes of os odontoideum [3, [9] [10] [11] . Even if congenital in nature, the anomaly often comes to notice in adulthood after a trivial trauma, increasing the dilemma in the clinician's mind as regard to the aetiological nature of the defect [3] . Presence of multiple anomalies and anteroposterior thickness of anterior arch of atlas more than 7.9 mm have been found to be strong predictors of congenital aetiologies [12] . Presence of fusion of cervical and/or other vertebrae along with os odontoideum strongly points towards Klippel-Feil syndrome [3] .
Klippel-Feil Syndrome(KFS) is a rare congenital condition where fusion of the cervical vertebrae are common. The vertebral affection may be in the form of involvement of the two segments, a congenital block vertebra or the entire cervical spine can be affected [13, 14] . The classical presentation is an individual with a triad of short neck, low posterior hairline and restricted movement of the neck [3, 13] . The incidence of KFS varies from 1 in 42,400 births to 3 in 700 [3] . According to Feil's classification, KFS can be of three varieties [3] . Of these, Type 3 is the most uncommon variety, being found in 13% of KFS. In Type 3 KFS, in addition to fusion of cervical vertebrae, there may be fusion of the lower thoracic or lumbar vertebrae leading to clinical manifestations ofscoliosis and kyphosis. Congenital os odontoideum is an important associated finding in Type 3 KFS [3] . Genetic abnormality in KFS is not well understood. Some studies have linked mutations in PAX-1 gene and GDF6 gene with KFS [13, 15] . Presence of C5-C6 fusion has been associated with autosomal recessive transmission [15] . Radiograph of the whole spine should be done in cases of KFS for determination of the extent of vertebral anomalies.Evaluation of other systems is also essential as associated cardiac, pulmonary, renal, auditory and extraspinal skeletal anomalies like sprengel's deformity are sometimes noted in KFS [3, 13] .
In our case, antero-posterior thickness of anterior arch of atlas was found to be 13.6 mm. In addition, there was presence of orthotopic os odontoideum, complete fusion of fifth and sixth cervical vertebrae along with fusion between twelfth thoracic (T12) and first lumbar (L1) verte SOMITE bra. All these findings strongly favoured a congenital aetiology especially Type 3 KFS.
It can be surmised that any sort of fusion of the atlas and axis or other cervical, thoracic or lumbar vertebrae may lead to restriction of mobility, pain or serious neurodeficit resulting from nerve compression [16] . Diagnosis of Os odontoideum requires at least a routine cervical spine radiograph including open-mouth odontoid view. Computed Tomography (CT) scan with reconstruction view and Magnetic Resonance Imaging (MRI) show better anatomical details [17] . Management may be conservative, surgery in the form of posterior atlanto-axial or other fusion procedures or combination of both. Progressive symptoms, neurodeficit and/or increasing atlanto-axial instability are the main indications of surgery [17] .
ConClusion
Os odontoideum is a rare vertebral anomaly and Klippel-Feil syndrome is an important congenital condition associated with it. Early ante-mortem diagnosis requires high index of suspicion and is crucial for an early multidisciplinary management including surgery and rehabilitation for a better outcome and quality of life. 
